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$x=(x_{1}, \cdots, x_{N})$ , .
$N$ $M$ :
$M=\{x=$. $(x_{1}, \cdots, x_{N})|x_{j}\in \mathrm{R}^{3},$ $\sum_{j=1}^{N}m_{j}x_{j}=0\}$ . (2.1)
,
$F_{x}=\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}\{x_{1}, \cdots, x_{N}\}$ (2.2)
, $\dim F_{l}$ , $M$ 4 :
$M= \bigcup_{k=0}^{\mathrm{s}}M_{k}$ , $M_{k}:=\{x\in M|\dim F_{x}=k\}$ . (2.3)
, SO(3) – , M
. $g\in SO(3)$ $x\in M$ ,
$\Phi_{g}(x)=gx=(gx_{1}, \cdots,gx_{N})$ (2.4)
. x\epsilon M SO(3) Ox={gx\in M|g\epsilon SO(3)} , x
SO(3) $G\text{ }$ ={9\epsilon SO(3)|9x=x} , 3
:
$\mathcal{O}_{x}\cong SO(\mathit{3})/G_{\text{ }}\cong\{$
$SO(3)$ for $x\in M_{2}\cup M_{3}$ ,
$S^{2}$ for $x\in M_{1}$ ,
$\{0\}$ for $x\in M_{0}$ .
(2.5)
,
$M=\dot{M}\cup M_{1}\cup M_{0}$ , $\dot{M}:=M_{2}\cup M_{3}$ (2.6)
3 . .
2 $M_{1}$ $M_{0}$ ,
$SO(2)$ $SO(3)$ . , $\pi:Marrow M/SO(3)$
, [1] :
$\dot{M}arrow\dot{M}/SO(\mathit{3})$ , $M_{1}arrow M_{1}/SO(\mathit{3})$ , $M_{0}arrow M_{0}/SO(\mathit{3})$ . (2.7)




$r_{j}=( \frac{1}{\mu_{j}}+\frac{1}{m_{j+1}})^{-1/2}(x_{j+1}-\frac{1}{\mu_{j}}\sum_{i=1}^{j}m_{l}x_{i})$ , $j=1,$ $\cdots,$ $N-1$ (2.8)
. , $\mu_{j}=\sum_{i=1}^{j}m\text{ }$ . N R3(N-1) ,
$N-1$ – :
$M\cong\{x=(r_{1}, \cdots,r_{N-1})|\mathrm{r}_{j}\in R^{\mathit{3}},j=1, \cdots, N-1\}$ . (2.9)
, $A_{x}$ : $R^{\mathit{3}}arrow \mathrm{R}^{3}$
$A_{x}(v)= \sum_{\dot{g}=1}^{N-1}\mathrm{r}_{\mathrm{j}}\mathrm{x}(v\mathrm{x}r_{\mathrm{j}})$ , $v\in R^{3}$ , (2.10)
, $x\in\dot{M}\text{ }\omega_{\text{ }}:T_{x}(\dot{M})arrow so(\mathit{3})\text{ }$
$\omega_{\text{ }}=R$ ($A_{x}^{-}1$ $( \sum_{\mathrm{j}=1}^{N-1}r_{j}\mathrm{x}d\mathrm{r}_{j})$ ) (2.11)
. . R R:R3\rightarrow sO(3) . $\text{ }\omega_{\text{ } }\dot{M}$
(M) :
$T_{l}(\dot{M})=V_{x}\oplus H_{x}$ . (2.12)
, V :=Tx(02) , Hx:=ker\mbox{\boldmath $\omega$}x . , ( )
. H ( ) . , 2 $H_{x}$ ,
$ds^{2}= \sum_{j=1}^{N-1}dr_{\mathrm{j}}\cdot dr_{j}$ (2.13)
.
, M . $\text{ }U\text{ }\dot{M}/SO(3)\text{ }$
, $\sigma:Uarrow \text{ }U\text{ }$ , \mbox{\boldmath $\pi$}-1(U)
$x$
$x=g\sigma(q)=(g\sigma_{1}, \cdots,g\sigma_{N-1})$ , $q\in U,$ $\mathit{9}\in SO(\mathit{3})$ (2.14)
. $g\in SO(\mathit{3})$ $(\phi,\theta, \psi)$ , $q=(q^{1}, \cdots, q^{3N-6})$ ,






. , $\Lambda_{\alpha}^{a}(q)$ :
$\omega_{\sigma\langle q\rangle}=\sum_{a=1}^{33}\sum_{\alpha=1}^{N-6}\Lambda_{\alpha}^{a}(q)dq^{a}R(e_{a})$ . (2.17)
, $e_{\text{ }},$ $a=1,2,\mathit{3}$ $\mathrm{R}^{\mathit{3}}$ . . $u$ =ge ,
$\omega_{g\sigma(q)}=\sum_{\text{ }=1}^{3}\Theta^{\text{ }}R(\mathrm{u}_{a})$ , $\Theta$ $:=\Psi$ $+ \sum_{\alpha=1}^{3N-6}\Lambda_{\alpha}^{\text{ }}(q)dq^{\alpha}$ (2.18)
. $\Psi^{a}$
$g^{-1}dg= \sum_{a=1}^{3}\Psi^{\text{ }}R(e_{a})$ (2.19)
$SO(\mathit{3})$ 1- .
$U$ $\frac{\partial}{\partial q^{\alpha}}$ $( \frac{\partial}{\partial q^{a}})$ .
$\omega_{g\sigma(q)}((\frac{\partial}{\partial q^{\alpha}})^{*})=0$, $\pi_{l}((\frac{\partial}{\partial q^{\alpha}})^{*})=\frac{\partial}{\partial q^{\alpha}}$ (220)
. $SO(\mathit{3})$ K ,
$( \frac{\partial}{\partial q^{\alpha}})^{*}$
$( \frac{\partial}{\partial q^{\alpha}})^{n}=\frac{\partial}{\partial q^{a}}-\sum_{a=1}^{3}\Lambda_{\alpha}^{\text{ }}(q)K_{a)}$ $\alpha=1,2,$ $\cdots,$ $\mathit{3}N-6$ (2.21)
. , $SO(\mathit{3})$ K , $\Psi^{a}$ :
$\Psi^{a}(K_{b})=\delta_{b}^{a}$ , $a,b=1,2,\mathit{3}$ . (2.22)
, 1- $\circ$ , $\Theta^{\text{ }}$ $( \frac{\partial}{\partial q^{a}})^{n}$ , K
$dq^{\alpha}(( \frac{\partial}{\partial q^{\beta}})^{*})=\delta_{\beta}^{\alpha}$ , $dq^{a}(K_{a})=0$ ,
(2.23)
$\Theta$ $(( \frac{\partial}{\partial q^{\beta}})^{*})=0$ , $\Theta^{a}(K_{b})=\delta_{b}^{a}$
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, , $\pi^{-1}(U)\cong U\mathrm{x}SO(3)$ 1- .
, (2.12) , dq0, ea
$ds^{2}= \sum_{\alpha\beta}a_{\alpha\beta}dq^{\alpha}dq^{\beta}+\sum_{a,b}A_{ab}\Theta^{a}\Theta^{b}$
(2.24)
. , $a_{\alpha\beta}$ $A_{\text{ }b}$
$a_{\alpha\beta}:=ds^{2}(( \frac{\partial}{\partial q^{\alpha}})’,$ $( \frac{\partial}{\partial q^{\beta}})^{*})$ , (2.25)
$A_{\text{ }b}:=ds^{\mathit{2}}(K_{\text{ }}, K_{b})$ (2.26)
.
2.2
, , 7 R $\dot{M}arrow$
$\dot{M}/SO(\mathit{3})\text{ }$ . , \Delta .
$T$ :
$T= \frac{1}{2}\int_{M}\sum_{j=1}^{N-1}\partial=\partial f$ .$\frac{\partial f}{\partial r_{j}}dV=-\frac{1}{2}\int_{M}r_{j}\overline{f}\Delta fdV$. (2.27)
, f\in L2(M) M , $dV\text{ }\dot{M}$
$W=\rho(q)dq^{1}\cdots dq^{3N-6}d\mu(g)$ , (2.28)
$\rho(q)=\sqrt{\det(A_{ab})\det(a_{a\beta})}$, (2.29)
$d\mu(g)=\sin\theta d\theta d\phi d\psi$ (2.30)
. , $d\mu(g)$ , $g\in SO(3)$ $g=e^{\phi R(\epsilon \mathrm{s})}e^{\theta R(e_{2})}e^{\psi R(e\epsilon)}$
SO(3) . , $\text{ }T_{a}(\dot{M})=V\text{ }$ \oplus
, , :
\Delta = d+\Delta v:b, (2.31)
$\Delta_{rd}=\sum_{a.b}K_{a}$ (A K $b$), (2.32)
$\ovalbox{\tt\small REJECT}_{\text{ }}$
$= \sum_{\alpha_{1}\beta}\frac{1}{\rho(q)}(\frac{\partial}{\partial q^{\alpha}})^{*}(a^{\alpha\beta}\rho(q)(\frac{\partial}{\partial q^{\beta}})^{*})$ . (2.33)
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, $K_{a},$ $( \frac{\partial}{\partial q^{\beta}})^{*}\text{ }$ , $V_{x}$ , HH . , $(A^{ab})\text{ }$
$A- \mathrm{l}=(\mathrm{U})^{-1}\text{ },$ $(a^{\alpha\beta})\text{ }\dot{M}/SO(\mathit{3})^{\text{ ^{}1)}}\text{ }$
$(a^{\alpha\beta})=(a_{a\beta})^{-1}$ .
,
. SO(3) H\sim elm g Dmln(g)
. , $f\in L^{2}(M)$
$f(gx)= \sum_{l=0}^{\infty}\sum_{|m|,|n|\leq\iota}\mathcal{D}_{m\mathfrak{n}}^{l}(g)(P_{n\pi*}^{l}f)(x)$ (2.34)
. , $(P_{nm}^{l}f)(x)$ :
$(P_{nm}^{l}f)(x)= \frac{2l+1}{8\pi^{\mathit{2}}}\int_{SO(3)}\overline{\mathcal{D}}_{mn}^{l}f(hx)d\mu(h)$ . (2.35)
, Pn\iota m , Eml $:L^{\mathit{2}}(M)arrow \mathcal{H}^{l}\otimes L^{\mathit{2}}(M)$





. $D^{l}(g)(E_{m}^{l}f)(\sigma(q))$ $\mathrm{i}\mathrm{d}_{\mathcal{H}^{l}}\otimes(\frac{\partial}{\partial q^{\alpha}})^{*}$ ,
$( \mathrm{i}\mathrm{d}_{\mathcal{H}^{l}}\otimes(\frac{\partial}{\partial q^{\alpha}})^{*})D^{l}(g)(E_{m}^{l}f)(\sigma(q))=D^{l}(g)\nabla_{\alpha}(E_{m}^{l}f)(\sigma(q))$ (2.39)
. , \nabla
$\nabla_{\alpha}=I_{2l+1}\otimes\frac{\partial}{\partial q^{\alpha}}+i\sum_{a}A=(q)[\hat{J}_{a}^{(l)}]$ (2.40)
$\text{ }\dot{M}$ xso(s)Hl . , $[\hat{J}_{\text{ }^{}(l)}]\text{ }$
$so(3)$ ,
$[ \hat{J}_{1}^{(l)}]_{m-1m}=\frac{1}{2}\sqrt{(l+m)(l-m+1)}$ , $[ \hat{J}_{1}^{(l)}]_{m+1m}=\frac{1}{2}\sqrt{(l-m)(l+m+1)}$ ,
$[ \hat{J}_{2}^{(l)}]_{m-1m}=-\frac{1}{2i}\sqrt{(l+m)(l-m+1)}$ , $[ \hat{J}_{2}^{\langle l)}]_{m+1m}=\frac{1}{2i}\sqrt{(l-m)(l+m+1)}$,
$[\hat{J}_{3}^{(l)}]_{mm}=m$ , the others vanishing (2.41)
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. , \Delta ,
$\Delta^{r\epsilon d}=-\sum_{\text{ },b}A^{ab}[\hat{J}_{a}^{(l)}][J_{b}]\eta\iota\rangle+\frac{1}{\rho(q)}\sum_{\alpha,\beta}\nabla_{\alpha}(a^{\alpha\beta}\rho(q)\nabla_{\beta})$ (2.42)
. , $\dot{M}\mathrm{x}_{SO(3\rangle}\mathcal{H}^{l}\text{ }\sim \text{ }$ .
l(l+l) Hr\epsilon d , (242)
,
$H^{r\epsilon d}=- \frac{1}{2}\Delta^{red}+I_{2l+1}\otimes V(q)$ (2.43)
. , V(q) q .
, (2.37) H :
$\psi_{m}^{l}=\frac{1}{\sqrt{2l+1}}\sum_{|n\mathfrak{l}\leq l}e_{n}^{l}\otimes\psi_{nm)}^{l}$
$\psi_{nm}^{l}\in L^{\mathit{2}}(M/SO(3))$ . (2.44)










\Delta v , - :
$\Delta_{\dot{m}b}=\Delta_{p-v}+\Delta_{r-v}$ , (2.49)
$\Delta_{\mathrm{p}-v}=I_{\mathit{2}l+1}\otimes\sum_{\alpha,\beta}(a^{\alpha\beta}\frac{\partial^{\mathit{2}}}{\partial q^{\alpha}\partial q^{\beta}}+\frac{\partial a^{\alpha\beta}\partial}{\partial q^{a}\partial q^{\beta}}+a^{\alpha\beta}\frac{\frac{\partial\rho}{\partial q^{\alpha}}}{\rho(q)}\frac{\partial}{\partial q^{\beta}})$ , (2.50)
$\Delta_{-v},.=i\sum_{b}\sum_{a\beta}(a^{\alpha\beta}(\frac{\partial\Lambda_{\beta}^{b}}{\partial q^{a}}+\Lambda_{\beta}^{b}\frac{\partial}{\partial q^{\alpha}})+(\frac{\partial a^{a\beta}}{\partial q^{\alpha}}+a^{\alpha\beta}\frac{\frac{\partial\rho}{\partial q^{\alpha}}}{\rho(q)})A_{\beta}^{b})[\hat{J}_{b}^{(l)}]$
$+i \sum$ $\sum_{\alpha,\beta}a^{\alpha\beta}\Lambda_{a}^{\text{ }}[\hat{J}_{a}^{(l)}](\frac{\partial}{\partial q^{\beta}}+i\sum_{b}A_{\beta}^{b}[\hat{J}_{b}^{(l)}])$ . (2.51)
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, 3 . , ,
, , . , $q_{0}=(a^{\alpha})$
, q=q0 q\alpha , \epsilon




$a^{\alpha\beta}=a^{\alpha\beta^{(\mathit{0})}}+\epsilon a^{\alpha\beta^{(1)}}+\epsilon^{2}a^{\alpha\beta^{(2)}}+\cdots$ , (2.53)
$\rho(q)=\rho^{(\mathit{0})}+\epsilon\rho^{(1)}+\epsilon^{2}\rho^{(2)}+\cdots$ , (2.54)
$\Lambda_{\alpha}^{a}=\Lambda_{\alpha}^{a(\mathit{0}\rangle}+\epsilon\Lambda_{a}^{a(1)}+\epsilon^{2}\Lambda_{\alpha}^{\text{ }(2)}+\cdots$ . (2.55)











, 3 . , 3 .
3 . ,
, 3 2 .





$M= \{x=(x_{1}, x_{2}, x_{3})|\sum_{j=1}^{3}m_{j}x_{j}=0\}$ (3.1)
2 $r_{1},$ $r_{2}$ ,
$r_{1}=\sqrt{\frac{m_{1}m_{2}}{m_{1}+m_{2}}}(x_{2}-x_{1})$ , $(\mathit{3}.2\mathrm{a})$
$r_{2}= \sqrt{\frac{m_{3}(m_{1}+m_{2})}{m_{1}+m_{2}+m_{\mathit{3}}}}(x_{3}-\frac{m_{1}x_{1}+m_{2}x_{2}}{m_{1}+m_{2}})$ $(3.2\mathrm{b})$ .
. , $M/SO(3)$ $q=(q_{1}, q_{2},q_{3})$
$q_{1}=r_{1}$ , $q_{2}=r_{2}\cos\varphi$ , $q_{3}=r_{2}\sin\varphi$ (3.8)
. , $r_{1},$ $r_{2},$ $\varphi$
$r_{1}=||r_{1}||$ , $r_{2}=||r_{2}||$ , $\cos\varphi=\frac{r_{1}\mathrm{r}_{\mathit{2}}}{||\mathrm{r}_{1}||||r_{2}||}$: (3.4)
. , $\sigma(q)=(\sigma_{1}(q), \sigma_{2}(q))$
$\sigma_{1}(q)=q_{1}e_{3}$ , $\sigma_{2}(q)=q_{2}e_{3}+q_{3}e_{1}$ (3.5)
. ,
$\{(q_{1},q_{2},q_{3})|q_{1}\geq 0, q_{3}\geq 0\}$ (3.6)
, \mbox{\boldmath $\sigma$} M/SO(3) . $q_{\mathit{1}}=0\text{ }$
2 , $q_{3}=0$ ,
$q_{1}=q_{2}=q_{\mathit{3}}=0$ 3 .











, $(a_{1}, a_{2}, a_{3})$ $\eta=(\eta_{1},\eta_{2},r_{\hslash)}$ , $q_{\alpha}=a_{\alpha}+\epsilon rb$
. , , $(a_{1}, a_{\mathit{2}}, a_{3})=(a,0, b)$ .
, $(a^{\alpha\beta})=(a_{\alpha\beta})^{-1}$ ,
$(a^{\alpha\beta})=$ (310)
. , $\eta’=M\eta$ , $(a^{\alpha\beta})’=M(a^{\alpha\beta})M^{T}=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(C, C, C)(C$







(2.58) , Schr\"odinger (2.45)
$\epsilon^{2}H^{rd}\psi=\mathcal{E}\psi$ (3.13)
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. ( $\psi_{nm}^{l}$ $n,$ $m$ , $l$ . , $0$
, .) E ,
. , (313) \psi n’ En
, ,




. 3 , $\eta’=M\eta$ , $V$ $\epsilon^{2}V=$
$\frac{1}{2}\sum_{\alpha}\kappa_{\alpha}^{2}\eta_{\alpha}^{\prime 2}$ , $H^{(\mathit{0})}$ 3
:
$H^{(\mathit{0})}=I_{2l+1} \otimes(-\frac{1}{2(a^{2}+b^{2})}\sum_{\alpha}\frac{\partial^{2}}{\partial\eta_{\alpha}^{\prime 2}}+\frac{1}{2}\sum_{\alpha}\kappa_{\alpha}^{2}\eta_{\alpha}^{\prime \mathit{2}})$ . (3.17)
, $0$ $\psi_{n}^{(0)}$ 0&\emptyset * $\mathcal{E}_{n}^{(\mathit{0})}$
$\psi_{n}^{(\mathit{0})}=\frac{1}{\sqrt{2l+1}}\sum_{|m|\leq l}e_{m}^{l}\otimes\prod_{\alpha=1}^{\mathit{3}}\psi_{n_{\alpha}}^{(0)}$, (3.18)
$\psi_{n_{\alpha}}^{(0)}=N_{n_{\alpha}}\mathrm{e}-\sim a\mathrm{z}H_{n_{\alpha}}(\sqrt{\kappa_{\alpha}\sqrt{a^{2}+b^{\mathit{2}}}}\infty_{\eta_{\alpha}^{\prime 2}}b\eta_{\alpha}’)$, (3.19)
$\mathcal{E}_{n}^{(0\rangle}=\sum_{\alpha=1}^{3}\mathcal{E}_{n_{\text{ }}^{}\langle \mathit{0})}$, (3.20)
$\mathcal{E}_{\hslash \mathrm{g}}^{(\mathit{0})}=\frac{a^{\mathit{2}}b}{\sqrt{a^{2}+b^{2}}}\kappa_{\alpha}(n_{\alpha}+\frac{1}{2})$ (3.21)
. , $H_{n_{\alpha}}$ , N, , ,
$N_{n_{\mathrm{o}}}$
$N_{n_{\mathrm{g}}}= \frac{1}{\sqrt{2^{n_{\text{ }}}n_{\alpha}!}}(\frac{\kappa_{\alpha}\sqrt{a^{2}+b^{2}}}{\pi})^{:}$ , $\alpha=1,2,\mathit{3}$ (3.22)
. , $n=(n_{1}, n_{2}, n_{3})$ .
1 2 , $0\text{ }\psi_{n}^{(0)}\text{ }$ ,
$\mathcal{E}_{n}^{(1)}=(\psi_{\mathfrak{n}}^{(\mathit{0})}|H^{(1)}|\psi_{n}^{(0)}\rangle$, (3.23)




















. , $\mathcal{E}_{v-r}(2)\geq 0,$ $\mathcal{E}_{rol}(2)\geq 0$ . ,
2
$\mathcal{E}_{n}=\mathcal{E}_{n}^{(\mathit{0}\rangle}+\epsilon^{2}(+\mathcal{E}_{\mathrm{p}-v_{\hslash}}(2)+\mathcal{E}_{r-v}(\mathit{2})+\mathcal{E}_{rd}(2))$ (3.28)
, $\mathcal{E}_{n}(0)+\epsilon^{2}\mathcal{E}_{\mathrm{p}-v_{n}}(2)$ . , ( $n$ )
$l(l+1)$ :
$\epsilon^{2}(\mathcal{E}_{v-r}(2)+\mathcal{E}_{rot}\langle 2\rangle)=\epsilon^{\mathit{2}}\frac{a^{2}+2b^{\mathit{2}}}{6b}l(l+1)$ . (3.29)
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3.3
, $\text{ ^{ }}\mathcal{E}_{n}^{(0)}\text{ }$ . , $\kappa_{1}=\kappa_{2}=\kappa_{3}(=$
$\kappa)$ . , $||n||$ , ,
$||n||=n_{1}+n_{2}+n_{3}$ , (3.30)
$\tilde{n}=\frac{(||n||+1)(||n||+2)}{2}$ (3.31)
. , $\text{ _{ ^{ }}\mathcal{E}_{n}^{(0)}\text{ }}$ ,
$\mathcal{E}_{n}^{(0)}=\frac{a^{2}b}{\sqrt{a^{2}+b^{2}}}\kappa(||n||+\frac{3}{2})$ (3.32)
, \tilde n . , n .
$||n||$ , $\mathcal{E}_{||n||}^{(0)}$ . , $||n||=k$
, $\{\psi_{n}^{(0\rangle}\}_{||n||=k}\text{ }\mathcal{E}_{k}^{(0)}\text{ }1\text{ }\#\text{ }$ . ,
$||n||=$ $1$ , $||n||=2$ .
$||n||=1$ , $\phi_{1,1}^{(\mathit{0})}=\psi_{(1,\mathit{0},0)}^{(0)},$ $\phi_{1,2}^{(0)}=\psi_{(\mathit{0}.1,\mathit{0}\rangle}^{(\mathit{0})},$ $\phi_{1.3}^{(0)}=\psi_{(0,0,1)}^{(0)}$ ,
$\{\phi_{1\rho}^{(0)}\}_{\alpha=1,2,3}$ . , , $\langle\phi_{1,\alpha}^{(0)}|H^{\{1)}|\phi_{1,\beta}^{(\mathit{0})}\rangle=0$ ,
$\mathcal{E}_{1}^{(1\rangle}=0$ . 1 , $E_{\mathrm{p}-v_{\alpha\beta}}(2)= \langle\phi_{1\rho}^{(0)}|-\frac{1}{2}\Delta_{\mathrm{p}}$-v(2)|\mbox{\boldmath $\phi$} ) ,
,
$E_{p-v11}( \mathit{2})=-\frac{3b^{\mathit{3}}}{2(a^{2}+b^{2})}-\frac{\mathit{3}b(a^{\mathit{2}}+b^{2})}{8a^{2}}+\frac{13}{8}b$, $(3.\mathit{3}\mathit{3}\mathrm{a})$
$E_{\mathrm{p}-v_{22}} \langle 2)=\frac{b(3a^{4}-7a^{2}b^{2}-6b^{4})}{4(a^{2}+b^{2})^{2}}-\frac{b(\mathit{3}a^{2}+b^{\mathit{2}})}{8a^{2}}-\frac{b(3a^{2}+b^{2})^{2}}{8(a^{2}+b^{2})^{2}}+\frac{b}{2}+\frac{5b(5a^{2}+\mathit{3}b^{\mathit{2}})}{4(a^{2}+b^{2})}$ ,
$(\mathit{3}.\mathit{3}3\mathrm{b})$












. , $\text{ }\mathcal{E}_{r-v}(2)$ . $\mathcal{E}_{rae^{\mathrm{t}2)}}\text{ }$ . \alpha \beta . ,
.
,


















, $\text{ _{ }}\mathcal{E}_{1}^{(\mathit{2})}\text{ }$ ,








. $||n||=2$ , $\phi_{2.1}^{(0)}=\psi_{(2,\mathit{0},\mathit{0})}^{(0)},$ $\phi_{2,\mathit{2}}^{(0)}=\psi_{\langle 0,2,\mathit{0})}^{(\mathit{0})},$ $\phi_{2,\mathit{3}}^{(0)}=\psi_{(\mathit{0},0,2\rangle}^{(\mathit{0})}$ ,
$\phi_{2,\mathrm{I}}^{(0)}=\psi_{(0,1,1)}^{\langle 0)},$ $\phi_{2}^{(0},\frac{)}{2}=\psi_{(1,\mathit{0},1)}^{\langle \mathit{0})},$ $\phi_{2\mathit{5}}^{(\mathit{0})}=\psi_{(1,1,\mathit{0})}^{(\mathit{0})}$ . ,
, $\{\phi_{2,\alpha}^{(0)}\}_{\alpha=\mathbb{L}2,3,\mathrm{T},\overline{2},\mathrm{s}}$ $\text{ }$ . , $\langle\phi_{2,\alpha}^{(0)}|H^{(1)}|\phi_{2,\beta}^{(\mathit{0}\rangle}\rangle=0$ , $\mathcal{E}_{2}^{(1)}=0$ .






$E_{p-v_{\urcorner}}(2)=-1 \frac{3b^{3}}{2(a^{2}+b^{2})}-\frac{3b(a^{2}+b^{2})}{8a^{2}}+\frac{\mathit{3}7}{8}b+\frac{a^{2}b^{3}}{(a^{2}+b^{2})^{2}}$ , $(\mathit{3}.42\mathrm{d})$
$E_{\mathrm{P}^{-v}\varpi}(2)=- \frac{b(3a^{4}+a^{2}b^{\mathit{2}}+2b^{4})}{4(a^{2}+b^{2})^{2}}-\frac{\mathit{3}b(a^{2}+3b^{2})}{8a^{2}}-\frac{b(a^{2}+\mathit{3}b^{2})^{2}}{8(a^{\mathit{2}}+\nu)^{2}}+\frac{b}{2}-\frac{7b(a^{\mathit{2}}-b^{2})}{4(a^{2}+b^{\mathit{2}})}$ ,
$(\mathit{3}.42\mathrm{e})$
$E_{p-v}(2)= \frac{b(3a^{4}-7a^{2}b^{2}-6b^{4})}{4(a^{2}+b^{\mathit{2}})^{\mathit{2}}}\tau 3-\frac{3b(\mathit{3}a^{2}+b^{2})}{8a^{2}}-\frac{b(\mathit{3}a^{2}+b^{2})^{2}}{8(a^{2}+b^{2})^{2}}+\frac{b}{2}+\frac{7b(5a^{2}+\mathit{3}b^{\mathit{2}})}{4(a^{2}+b^{2})}$ ,
$(\mathit{3}.42\mathrm{f})$
$E_{\mathrm{p}-v1\mathit{2}}(2)=E_{\mathrm{p}-v21}(2\rangle$ $=- \frac{b(4a^{4}-\mathit{3}a^{2}b^{2}-\mathit{3}b^{4})}{4(a^{2}+\nu)^{2}},$ (3.42g)
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$E_{p-v13}(2)=E_{p-v31}(2)= \frac{b(\mathit{3}a^{6}-2a^{4}b^{2}-2a^{2}b^{4}-b^{6})}{4a^{2}(a^{2}+b^{2})^{2}}$ ,
$E_{p-v_{23}}(2)=E_{\mathrm{p}-v\S 2}(2)= \frac{b}{4}+\frac{a^{2}b^{3}}{2(a^{2}+b^{\mathit{2}})^{2}}$ ,
$E_{p-v_{1}}( \frac{2}{1}=E_{p-v^{\frac{(}{1}=-\frac{\sqrt{2}b^{2}(8a^{4}+5a^{2}b^{2}+b^{4})}{4a(a^{2}+b^{2})^{2}}}})2)1$
’











$w_{\alpha\beta}^{\{1)}= \sum_{||m||\neq 2}\sum_{\gamma}\frac{\langle\phi_{2,\alpha}^{(0)}|H^{(1)}|\phi_{||m||,\gamma}^{(0)}\rangle\langle\phi_{||m||,\gamma}^{(0)}|H^{(1)}|\phi_{2,\beta}^{(0)}\rangle}{E_{2}^{(\mathit{0})}-E_{||m||}^{(0)}}$ (3.43)
,
$w_{11}^{(1)}= \frac{a^{2}+4b^{2}}{4b}-\frac{(7a^{4}+26a^{2}b^{2}+9b^{4})^{2}}{4b(a^{2}+b^{2})^{\mathit{3}}}-\frac{a^{\mathit{2}}b(7a^{2}+12b^{2})^{2}}{4(a^{2}+b^{\mathit{2}})^{3}}$




$- \frac{b^{3}(a^{6}+12\mathit{3}a^{4}b^{\mathit{2}}+\mathit{3}a^{2}b^{4}+9b^{6})}{48a^{2}(a^{2}+b^{2})^{3}}$ , (3.44c)
$w \frac{(1}{11}=\frac{a^{2}+4b^{2}}{4b})-\frac{(7a^{4}+22a^{2}b^{\mathit{2}}+13b^{4})^{\mathit{2}}}{4b(a^{2}+b^{\mathit{2}})^{3}}-\frac{a^{2}b(7a^{2}+8b^{2})^{2}}{4(a^{2}+b^{2})^{\mathit{3}}}$
$- \frac{b^{\mathit{3}}(a^{6}+19a^{4}b^{2}+19a^{2}b^{4}+b^{6})}{24a^{2}(a^{2}+b^{2})^{\mathit{3}}}-\frac{b^{8}(\mathit{3}a^{2}-b^{2})^{\mathit{2}}}{16a^{2}(a^{\mathit{2}}+b^{2})^{2}}$ , (3.44d)
$w_{2}^{(1)}= \frac{a^{2}+4b^{2}}{4b}\tau-\frac{(7a^{4}+24a^{2}b^{\mathit{2}}+11b^{4})^{2}}{4b(a^{\mathit{2}}+b^{\mathit{2}})^{3}}-\frac{a^{2}b(7a^{2}+10b^{2})^{2}}{4(a^{2}+\nu)^{3}}$
















$W=E_{p-v}+\varpi\varpi \mathcal{E}_{r-v}+\mathcal{E}_{ro\iota^{(2)}}+w^{(1)}ffi(2)\langle 2)(2)$ , $W^{(}=E_{p-v}+\mathcal{E}_{r-v}+\mathcal{E}_{rd}+\varpi^{2)(}\varpi^{2)(2)\langle 2)}\%^{(1)}$ ,
$(\mathit{3}.45\mathrm{c})$
$W_{12}(2)=W_{21}(2)=E_{p-v_{1\mathit{2}}}\langle 2)$, $W_{1\mathit{3}}^{(2\rangle}=W_{31}^{(\mathit{2}\rangle}=E_{p-v_{1\mathit{3}}}(2)$, $W_{2\mathit{3}}\langle 2)=W_{82}=E_{p-v_{2S}}(2)\langle 2\rangle$,
(3.45d)
$W_{1\mathrm{T}}^{(2)}=W_{\mathrm{I}1}^{(2)(2)}=E_{p-v_{1\mathrm{I}}}$, $W_{2^{\frac{2}{1}}}^{()}=W_{2}^{2)(2)} \frac{(}{1}=E_{\mathrm{p}-v_{2\mathrm{I}}}+w_{2\mathrm{I}}^{(1)}$ , (3.45e)
$W_{s\mathrm{s}}^{()2)()} \frac{2}{1}=W\frac{(}{1}=E_{p-v_{3}}\frac{2}{1}+w_{s^{\frac{1}{1}}}^{()}$ , $W_{\overline{2}}^{\langle 2)}=W^{(}=E_{p-v}+w \frac{(1}{23}5\varpi^{2)(}\tau_{3}^{2))}$ ’ $(\mathit{3}.45\mathrm{f})$
, $\mathcal{E}_{2}^{\langle 2)}$ ,
$\det$ (($W_{31}^{(2)}W_{21}^{(2)}00$ $W^{\langle 2)}W_{12}^{(2)}W_{22}^{(2)}W_{\mathrm{I}2}^{(2)}0023$ $W_{\mathrm{T}3}^{(2)}W_{1\mathit{3}}^{(2)}W_{2S}^{(2)}W_{33}^{(2)}00$ $W_{\mathrm{s}_{(}}W^{()}W \frac{\frac{\mathit{2}}{\S}}{1,2}W_{\Pi}00?_{\xi_{)}^{\rangle}}:\rangle$ $W_{T}W^{(2)}0\mathrm{o}_{3}\mathrm{o}_{\mathfrak{P})}0$ $W \frac{\%_{(}}{\mathit{3}3}W^{(2)}000$)$0)-\mathcal{E}_{\mathit{2}}^{(2)}I)=0$ (3.46)
. (346) 4x4 ,








, $\mathcal{E}rot^{(2)}$ . ,
$\mathcal{E}_{n}=\mathcal{E}_{n^{(\mathit{0})}}+\epsilon^{2}(\mathcal{E}-v_{nn}^{(2)}+p\mathcal{E}_{r-v^{(2)}}+\mathcal{E}_{rot^{(2)}})+\cdots$ (4.1)
. , $q=q_{0}$ ,
:
$\mathcal{E}_{n}|_{q=\mathrm{e}\mathrm{o}}=\epsilon^{2}\mathcal{E}r\alpha^{(2)}$. $(4.2)$




$H^{r\epsilon d}|_{q=q\mathrm{Q}}= \frac{1}{2}\sum_{a,b}A^{ab}|_{q=q0}[\hat{J}_{\text{ }^{}(l)}][\hat{J}_{b}^{(l)}]$. (4.3)
, Sir\"odinger , $(2l+1)\mathrm{x}(2\downarrow+1)$








$R^{\langle 2)}=$ , (4.7)
$l=0$ ) $=0$ , $R^{\langle 0)}$ $0$ , $\mathcal{E}_{rat}(2)=0$ – .
, $l=1$ $l=2$ .
112
$l=1$ , $R^{(1)}$ $0$
$R_{00}^{(1)}= \frac{1}{2}(\frac{1}{a^{2}}+\frac{1}{a^{2}+b^{2}})$ ,
$R_{11}^{(1)}= \frac{1}{4}(\frac{1}{a^{2}}+\frac{1}{a^{2}+b^{2}}+\frac{2}{b^{2}})$ , (4.8)
$R_{1}^{(1)}= \frac{1}{4}(\frac{1}{a^{2}}-\frac{1}{a^{2}+b^{2}})$
. $\text{ }R^{(1)}\text{ }(4.6)\text{ }$ ,











$R_{11}^{(2)}= \frac{5}{4}(\frac{1}{a^{2}}+\frac{1}{a^{2}+b^{2}})+\frac{1}{2\nu}$ , $R_{1}^{(2\rangle}= \frac{\mathit{3}}{4}(\frac{1}{a^{2}}-\frac{1}{a^{2}+\Psi})$ , (4.12)








$\lambda_{1}^{(2)}=R_{11}^{\langle 2)}+R_{1}^{(2)}=\frac{2}{a^{2}}+\frac{1}{2(a^{2}+b^{2})}+\frac{1}{2b^{2}}$ , (4.14b)
$\lambda_{-1}^{(2)}=R_{11}^{(2)}-R_{1}^{\{2)}=\frac{1}{2a^{2}}+\frac{2}{(a^{2}+b^{2})}+\frac{1}{2b^{2}}$ , (4.14c)
$\lambda_{2}^{(2)}=\frac{R_{2\mathit{2}}^{(2)}+R_{\mathit{0}0}^{(2)}+\sqrt{(R_{22}^{(\mathit{2})}-R_{\mathit{0}\mathit{0}}^{\langle 2)})^{2}+8R_{2}^{(2)^{2}}}}{2}$
$= \frac{1}{a^{2}}+\frac{1}{a^{2}+b^{2}}+\frac{1}{b^{2}}+\sqrt{A^{2}+B^{2}+C^{2}-BC-CA-AB}$ , (4.14d)
$\lambda_{-2}^{(2)}=\frac{R_{22}^{(\mathit{2})}+R_{\infty}^{(2)}-\sqrt{(R_{22}^{(2)}-R_{\mathit{0}\mathit{0}}^{(2)})^{2}+8R_{2}^{(2)^{2}}}}{2}$
$= \frac{1}{a^{2}}+\frac{1}{a^{2}+b^{2}}+\frac{1}{b^{2}}-\sqrt{A^{2}+B^{2}+C^{2}-BC-CA-AB}$ (4.14e)
. , $A= \frac{1}{a^{2}},$ $B= \frac{1}{b^{\mathit{2}}},$ $C= \frac{1}{a^{2}+b^{2}}$ . ,
$\mathcal{E}_{rd}(\mathit{2})$ , $R^{(2)}$ $\lambda_{\mathit{0}}^{(2)},$ $\lambda_{\pm 1}^{(2)}$ , \mbox{\boldmath $\lambda$} ,
$\mathcal{E}_{rd}(2)|_{l=\mathit{2}}=\frac{a^{2}b}{5}(\lambda_{0}^{(2)}+\lambda_{2}^{(2)}+\lambda_{-2}^{\langle \mathit{2})}+2\lambda_{1}^{(\mathit{2})}+4\sqrt{-\frac{(\lambda_{\mathit{0}}^{(2)}-\lambda_{2}^{(2)})(\lambda_{\mathit{0}}^{(2)}-\lambda_{-2}^{\langle 2)})}{2}})$ (4.15)
.
, $l=0,1,2$ , $\mathcal{E}_{ra^{(2)}}$
. , l ,
R(\sim ) . , l ,
.





$R_{2k-22k-\mathit{2}}^{\langle l)}R_{2k-2}R_{2k}^{(i)}...R_{\mathit{2}k\mathit{2}k}^{\langle l)}R_{2k}^{\langle l)}0.)$
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for $k=[ \frac{l+1}{2}]$ . (4.16b)
, , R(\sim $\rangle$ 3
. , , $\text{ }\det(\mathrm{R}^{(1)}-\lambda \mathrm{I}_{21+1})\text{ }$ ,
,
$\det(R^{(l)}-\lambda I_{2l+1})=\{$
$\det(\tilde{\kappa}_{\mathrm{c}}^{(l)}, -\lambda I_{l+1})\det(\tilde{R}_{dd}^{(l)}-\lambda I_{l})$ for $l$ : even,
$\det(\tilde{R}_{odd}^{(l)}-\lambda I_{l+1})\det(\tilde{R}_{\epsilon v\epsilon n}^{(l)}-\lambda I_{l})$ for $l$ : odd
(4.17)
. $\text{ }\tilde{R}_{\epsilon v\epsilon n}^{(l)}$ , R\tilde 3 ,
. , ,
. , $l$ ,
$\det(R^{(l)}-\lambda I_{\mathfrak{U}+1})=\det(\tilde{R}_{\epsilon v\mathrm{c}’*}^{(l)}-\lambda I_{l+1})\det(\tilde{R}_{dd}^{(l\rangle}-\lambda I_{l})$
$\backslash$
$\det(R^{\langle l+1)}-\lambda I_{2l+3})=\det(\tilde{R}_{odd}^{(l+1)}-\lambda I_{l+2})\det(\tilde{R}_{\epsilon v\mathrm{c}n}^{\langle \mathrm{t}+1)}-\lambda I_{l+1})$
$\backslash$
$\det(R^{(l+2)}-\lambda I_{\mathfrak{U}+5})=\det(\tilde{R}_{\epsilon v\epsilon n}^{\{l+2)}-\lambda I_{l+\mathit{3}})\det(\tilde{R}_{\mathrm{o}dd}^{\langle l+2)}-\lambda I_{l+2})$
$\backslash$
, $\det(\tilde{R}_{v\mathrm{c}n}^{\langle l)}-\lambda I_{l+1})=0$ , $\det(\tilde{R}_{\omega a1}^{(l+1)}.-$




. ( .) ,
, . ,
, $n$ , 2
. l(l+1)
.
, $l=0,1,2$ , $\mathcal{E}_{rot}(2)$ ,
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